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1
METHOD TO OBTAIN METHYLENE
MALONATE VIA BIS(HYDROXYMETHYL)
MALONATE PATHWAY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application 61/751,366, filed Jan. 11, 2013, entitled Method
to Obtain Methylene Malonate via Bis(hydroxymethyl) mal-
onate Pathway, and to U.S. Provisional Patent Application
61/896,926, filed Oct. 29, 2013, entitled Method and Appa-
ratus to Produce Methylene Malonates and Related Materi-
als, the content of each of which are hereby incorporated
herein by reference in their entirety.

INCORPORATION BY REFERENCE

All documents cited or referenced herein and all docu-
ments cited or referenced in the herein cited documents,
together with any manufacturer’s instructions, descriptions,
product specifications, and product sheets for any products
mentioned herein or in any document incorporated by refer-
ence herein, are hereby incorporated by reference, and may be
employed in the practice of the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to the production of methylene mal-
onate species using a bis(hydroxymethyl) malonate interme-
diary. The intermediary is subsequently cracked to yield a
monomer species.

2. Background

A class of polymerizable compositions of interest includes
methylene malonates. Methylene malonates are compounds
having the general formula (I):

@

wherein R and R' may be the same or different and may
represent nearly any substituent or side-chain. Such com-
pounds have been known since 1886 where the formation of
diethyl methylene malonate was first demonstrated by W. H.
Perkin, Jr. (Perkin, Ber. 19, 1053 (1886)).

Methylene malonate monomers and their associated
monomeric and polymeric-based products would be useful in
both industrial (including household) and medical applica-
tions.

However, while earlier methods for producing methylene
malonates have been known for many years, these prior meth-
ods suffer significant deficiencies that preclude their use in
obtaining commercially viable monomers. Such deficiencies
include unwanted polymerization of the monomers during
synthesis (e.g., formation of polymers or oligomers or alter-
native complexes), formation of undesirable side products
(e.g., ketals or other latent acid-forming species which
impede rapid polymerization), degradation of the product,
insufficient and/or low yields, and ineffective and/or poorly
functioning monomer product (e.g., poor adhesive character-
istics, stability, or other functional characteristics), among
other problems. The overall poorer yield, quality, and chemi-
cal performance of the monomer products formed by prior
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2

methods have impinged on their practical use in the produc-
tion of the above commercial and industrial products.

Certain co-inventors of the instant application have filed
patent applications on improved methods of synthesis of
methylene malonates, namely, WO 2012/054616 Synthesis
of Methylene Malonates Substantially Free of Impurities, and
WO 2012/054633 Synthesis of Methylene Malonates Using
Rapid Recovery in the Presence of a Heat Transfer Agent. The
synthesis procedures provided therein result in improved
yields of heretofore-elusive high quality methylene mal-
onates and other polymerizable compositions.

While the improved methods disclosed in the above-iden-
tified patent applications are able to provide the desired meth-
ylene malonate monomers, continuous improvements are
sought, particularly in the development of methods to provide
materials on a commercial scale. Thus, a need exists for
improved and/or simplified processes for obtaining methyl-
ene malonate and related monomers.

SUMMARY OF THE INVENTION

The purpose and advantages of the present invention will
be set forth in and apparent from the description that follows.
Additional advantages of the invention will be realized and
attained by the methods and systems particularly pointed out
in the written description and claims hereof, as well as from
the appended drawings.

The present invention provides novel methods for the
preparation of methylene malonate monomers from a bis
(hydroxymethyl) malonate reagent in the presence of a cata-
lyst; polymers thereof, and products using said monomers
and polymers.

In one aspect, the invention provides a method of making a
methylene malonate monomer comprising:

(a) reacting a dialkyl bis(hydroxymethyl) malonate com-
position in the presence of a suitable catalyst to form a
methylene malonate monomer; and

(b) isolating the methylene malonate monomer.

In certain embodiments, the reacting step (a) is accom-
plished in a continuous process.

In certain embodiments, the reacting step (a) is accom-
plished without the addition of a solvent.

In certain embodiments, the reacting step (a) is accom-
plished under atmospheric pressure.

In certain embodiments, each alkyl of the dialkyl bis(hy-
droxymethyl) malonate may be the same or different and is a
straight or branched hydrocarbon group having between 1
and 16 carbon atoms.

In one embodiment of the method of the invention, the
dialkyl bis(hydroxymethyl) malonate composition is pre-
pared by a method comprising:

(1) reacting a source of formaldehyde with a dialkyl mal-

onate ester in the presence of a reaction catalyst to form
a diol reaction product comprising the dialkyl bis(hy-
droxymethyl) malonate composition.

In certain embodiments, the reacting step (i) is accom-
plished in a continuous process.

In certain embodiments, the reacting step (i) is accom-
plished without the addition of a solvent.

In certain embodiments, the reacting step (i) is accom-
plished at atmospheric pressure.

In certain embodiments of step (i), the source of formalde-
hyde is formaldehyde, trioxane, formalin, or paraformalde-
hyde. In particular embodiments, of step (i), the source of
formaldehyde is formalin. In still other embodiments of step
(1), the source of formaldehyde is substantially free of metha-
nol, water, or both. In certain other embodiments of step (i),
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the reaction catalyst is a basic catalyst. In particular embodi-
ments of step (i), the reaction catalyst is calcium hydroxide.

In another embodiment of the method of the invention, the
diol reaction product of step (i) is subjected to a dial purifi-
cation step (ii) prior to the reaction step (a).

In certain embodiments, the diol purification step (ii) com-
prises cationically exchanging the diol reaction product of
step (1) to produce dialkyl bis(hydroxymethyl) malonate, sub-
jecting the dialkyl bis(hydroxymethyl) malonate to an evapo-
ration step to remove volatile impurities, or a combination
thereof. In particular embodiments, the diol purification step
(i1) comprises cationically exchanging the diol reaction prod-
uct of step (i) to produce dialkyl bis(hydroxymethyl) mal-
onate, and subjecting the dialkyl bis(hydroxymethyl) mal-
onate to an evaporation step to remove volatile impurities.

In still another embodiment of the method of the invention,
the method further comprises the step of:

¢) purifying a thermolysis product obtained in step (a) to

obtain the isolated methylene malonate monomer.
In certain embodiments of step (¢), the thermolysis product
is purified by partial condensation, full condensation, frac-
tional distillation, or any combination thereof.
In some embodiments of the method of the invention, the
suitable catalyst is an acidic or basic catalyst. In other
embodiments of the method of the invention, the suitable
catalyst is a zeolite. In particular embodiments of the method
of the invention, the suitable catalyst is an aluminosilicate
zeolite. In other exemplary embodiments, the suitable cata-
lyst is a metal zeolite.
In another embodiment of the method of the invention, the
suitable catalyst is in the form of a column through which the
dialkyl bis(hydroxymethyl) malonate composition is passed.
In certain embodiments, the dialkyl bis(hydroxymethyl) mal-
onate composition is passed into the column as a liquid. In
other embodiments, the dialkyl bis(hydroxymethyl) mal-
onate composition is passed into the column as a gas.
In some embodiments, the catalyst column is heated to a
wall temperature between about 180° C. and about 250° C.;
between about 200° C. and about 230° C.; or to about 210° C.
In particular embodiments, the temperature of the suitable
catalyst is maintained throughout the reaction step.
In some other embodiments, the catalyst column has a
diameter of about 0.5 to about 4.0 inches; of about 1.0to about
3.5 inches; or of about 1.5 to about 3.0 inches. In still other
embodiments, the catalyst column has a length of about 3
inches to about 200 inches; of about 12 inches to about 72
inches; or of about 18 inches to about 60 inches.
In still other embodiments, the dialkyl bis(hydroxymethyl)
malonate composition is passed into the catalyst column at a
rate of about 0.01 to 65 kg/hr; of about 0.5 to 25 kg/hr; or
about of 1.5 to 10 kg/hr.
In particular embodiments,
the catalyst column has a diameter 0.5 to about 4.0 inches;
the catalyst column has a length of about 3 inches to about
200 inches; and

the dialkyl bis(thydroxymethyl) malonate composition is
passed into the catalyst column at a rate of 0.1 to 65
kg/hr.

In other particular embodiments,

the catalyst column has a diameter of about 1.0 to about 3.5

inches;

the catalyst column has a length of about 12 inches to about

72 inches; and

the dialkyl bis(hydroxymethyl) malonate is passed into the

catalyst column at a rate of 0.05 to 25 kg/hr.

In still other particular embodiments,
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the catalyst column has a diameter of about 1.5 to about 3.0

inches

the catalyst column has a length of about 18 inches to about

60 inches; and

the dialkyl bis(hydroxymethyl) malonate is passed into the

catalyst column at a rate of 1.5 to 15 kg/hr.

In certain embodiments of the method in which a diol
purification step is used, the diol reaction product of step (i) is
cationically exchanged using an ion-exchange column. In
some embodiments, the ion-exchange column is packed with
an ion-exchange resin. In still other embodiments, the ion
exchange column is a pressurized ion-exchange column. In
particular embodiments, the pressurized ion-exchange col-
umn is pressurized up to 1000 psi.

In other embodiments of the method in which a diol puri-
fication step is used, the evaporation step is performed by a
short heat residence time apparatus. In certain embodiments,
the evaporation step is performed by wiped-film evaporation,
rotary evaporation or horizontal or vertical thin-film evapo-
ration. In particular embodiments, the evaporation step is
performed by wiped-film evaporation.

In certain embodiments, the method of the invention is
performed as a batch process.

In certain other embodiments, the method of the invention
is performed as a continuous process.

In certain embodiments, the dialkyl bis(hydroxymethyl)
malonate composition has less than 500 ppm cations, less
then 50 ppm cations, or less than 5 ppm cations.

In an exemplary embodiment, the suitable catalyst has a
life between generation cycles of greater than 12 hours,
greater than 200 hours, or greater than 2000 hours.

In an exemplary embodiment, the suitable catalyst may be
regenerated by use of an acid.

In an exemplary embodiment, the dialkyl bisthydroxym-
ethyl) malonate composition includes between 0 and 30%
water, between 0 and 20% water, between 0 and 10% water,
between 0 and 5% water, between 0 and 1% water, or between
0 and 0.5% water.

In an exemplary embodiment, the dialkyl bisthydroxym-
ethyl) malonate composition has between 0 and 0.30% water.

In an exemplary embodiment, the dialkyl bisthydroxym-
ethyl) malonate composition in a vapor state and includes
water as a carrier gas.

In another aspect, the invention provides a methylene mal-
onate monomer prepared according to the method of the
invention.

In still another aspect, the invention provides a composi-
tion comprising a methylene malonate monomer prepared
according to the method of the invention.

In yet another aspect, the invention provides a product
comprising a methylene malonate monomer prepared accord-
ing to the method of the invention, wherein the product is an
adhesive composition, a coating composition, a sealant, a
composite, or a surfactant.

In certain embodiments, the product of the invention fur-
ther comprises an acidic stabilizer, a free radical stabilizer, a
sequestering agent, a cure accelerator, a theology modifier, a
plasticizing agent, a thixotropic agent, a natural rubber, a
synthetic rubber, a filler agent, a reinforcing agent or a com-
bination thereof.

In some embodiments, in which the product comprises an
acidic stabilizer, the acid stabilizer has a pKa in the range of
-15t0 5. In certain embodiments, the acid stabilizer is present
in a concentration of 0.1 ppm to 100 ppm.

In other embodiments, the product comprises a free radical
stabilizer. In certain embodiments, the free radical stabilizer
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is a phenolic free radical stabilizer. In other embodiments, the
free radical stabilizer is present in a concentration of 0.1 ppm
to 10000 ppm.

In still other embodiments, in which the product comprises
a sequestering agent, the sequestering agent is a crown ether,
a silyl crown, a calixarene, a polyethylene glycol, or a com-
bination thereof.

In yet other embodiments, in which the product comprises
a cure accelerator, the cure accelerator is sodium acetate,
potassium acetate, tetrabutyl ammonium fluoride, tetrabutyl
ammonium chloride, tetrabutyl ammonium hydroxide, a ben-
zoate salt, a 2,4-pentanedionate salt, a sorbate salt, a propi-
onate salt or combinations thereof.

In other embodiments, in which the product comprises a
rheology modifier, the rheology modifier is hydroxyethycel-
Iulose, ethyl hydroxyethylcellulose, methylcellulose, a poly-
meric thickener, pyrogenic silica or a combination thereof.

In another aspect, the invention provides an adhesive prod-
uct comprising a methylene malonate monomer prepared
according to the methods of the invention.

In still another aspect, the invention provides a polymer
comprising one or more units of a methylene malonate mono-
mer prepared according to the methods of the invention.

In yet another aspect, the invention provides a polymer
product comprising a polymer comprising one or more units
of'a methylene malonate monomer prepared according to the
methods of the invention. In some embodiments, the polymer
product is a sealant, a thermal barrier coating, a textile fiber,
a water-treatment polymer, an ink carrier, a paint carrier, a
packaging film, a molding, a medical polymer, a polymer
film, a polymer fiber or a polymer sheet.

In still another aspect, the invention provides a plant for
producing a methylene malonate monomer wherein the plant
comprises one or more modular units wherein the one or more
modular units are diol production units, diol purification
units, monomer production units, monomer purification
units, or a combinations thereof.

In some embodiments, the plant for producing a methylene
malonate monomer according to the invention comprises:

at least one diol production unit,

at least one diol purification unit,

and at least one monomer production unit.

In some embodiments, the plant for producing a methylene
malonate monomer according to the invention comprises:

at least one diol production unit,

at least one diol purification unit,

at least one monomer production unit, and

at least one monomer purification unit.

In some embodiments, the plant for producing a methylene
malonate monomer according to the invention comprises:

at least one monomer production unit, and

at least one monomer purification unit.

In some embodiments, the plant for producing a methylene
malonate monomer according to the invention comprises:

at least one diol production unit,

optionally, at least one diol purification unit,

at least one monomer production unit, and

optionally, at least one monomer purification unit.

In certain embodiments of the plant of the invention, the
diol production unit comprises a diol reactor apparatus
capable of reacting a dialkyl malonate ester and a source of
formaldehyde in the presence of a reaction catalyst.

In certain other embodiments of the plant of the invention,
the diol purification unit comprises an ion-exchange column
and a wiped-film evaporation apparatus.

In still other embodiments of the plant of the invention, the
monomer production unit comprises at least one catalyst col-
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umn and a heating apparatus for maintaining the temperature
of the at least one catalyst column.

In still other embodiments of the plant of the invention, the
monomer production unit comprises a plurality of catalyst
columns and at least one heating apparatus for maintaining
the temperature of the plurality of catalyst columns.

In still another embodiment of the plant of the invention,
the monomer production unit comprises at least a single reac-
tant feed line to feed a plurality of catalyst columns.

In yet other embodiments of the plant of the invention, the
monomer purification unit comprises a condensation appara-
tus, a fractional distillation apparatus, or both.

In certain embodiments of the plant of the invention, the
plant having two or more modular units, the modular units are
in communication with each other such that the product out-
put of a first unit is input into another unit for reaction; such
that

a first diol production unit is in communication with either

a diol purification unit or a monomer production unit,

a first diol purification unit is in communication with a

monomer production unit, or

a first monomer production unit is in communication with

a monomer purification unit.

BRIEF DESCRIPTION OF THE DRAWINGS

So that those having ordinary skill in the art to which the
subject invention pertains will more readily understand how
to make and use the invention as described herein, preferred
embodiments thereof will be described in detail below, with
reference to the drawings, wherein:

FIG. 1 depicts HNMR showing production of diethyl bis
(hydroxymethyl) malonate intermediary.

FIG. 2 depicts HNMR showing production of diethyl
methylene malonate by thermolysis of diethyl bis(hydroxym-
ethyl) malonate intermediary with drop-wise addition.

FIG. 3 depicts HNMR showing production of diethyl
methylene malonate by thermolysis of diethyl bis(hydroxym-
ethyl) malonate intermediary in a batch process.

FIG. 4 depicts GC/MS of diethyl bis(hydroxymethyl) mal-
onate starting material with internal standard and 6.5 minute
mass spectra.

FIG. 5 depicts GC/MS of diethyl bis(hydroxymethyl) mal-
onate starting material with internal standard and 8.4 minute
mass spectra.

FIG. 6 depicts GC/MS of the cracked material obtained
from the diethyl bis(hydroxymethyl) malonate starting mate-
rial with internal standard and 5 minute mass spectra.

FIG. 7 provides a schematic of a continuous diol produc-
tion reactor 100.

FIG. 8 provides a schematic of a thermolysis reactor and
the input and output of the reactor.

DESCRIPTION OF THE INVENTION
Definitions

Unless defined otherwise, all technical and scientific terms
used herein have the meaning commonly understood by a
person skilled in the art to which this invention belongs. The
following references provide one of skill with a general defi-
nition of many of the terms used in this invention: Singleton
et al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and
Technology (Walker ed., 1988); The Glossary of Genetics,
5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and
Hale & Marham, The Harper Collins Dictionary of Biology
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(1991). As used herein, the following terms have the mean-
ings ascribed to them below, unless specified otherwise.

As used herein, the term “methylene malonate” refers to a
compound having the core formula —O—C(0O)—C
(—=CH,)—C(0)—O0—.

As used herein, the term “bis(hydroxymethyl) malonate”
refers to a compound having the core formula —O—C(O)—
C(CH,0OH),—C(0)—0—.

The term “alkyl” includes saturated aliphatic groups,
including straight-chain alkyl groups, branched-chain alkyl
groups, cycloalkyl (alicyclic) groups, alkyl substituted
cycloalkyl groups and cycloalkyl substituted alkyl groups. In
certain embodiments, a straight chain or branched chain alkyl
has 30 or fewer carbon atoms in its backbone, e.g., C1-C30
for straight chain or C3-C30 for branched chain. In certain
embodiments, a straight chain or branched chain alkyl has 20
or fewer carbon atoms in its backbone, e.g., C1-C20 for
straight chain or C3-C20 for branched chain, and more pref-
erably 18 or fewer. Likewise, preferred cycloalkyls have from
3-10 carbon atoms in their ring structure and more preferably
have 4-7 carbon atoms in the ring structure. The term “lower
alkyl” refers to alkyl groups having from 1 to 6 carbons in the
chain and to cycloalkyls having from 3 to 6 carbons in the ring
structure.

Moreover, the term “alky]l” (including “lower alkyl”) as
used throughout the specification and claims includes both
“unsubstituted alkyls” and “substituted alkyls,” the latter of
which refers to alkyl moieties having substituents replacing a
hydrogen on one or more carbons of the hydrocarbon back-
bone. Such substituents can include, for example, halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo-
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato, phosphinato, cyano, amino (includ-
ing alkyl amino, dialkylamino, arylamino, diarylamino and
alkylarylamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfate, sul-
fonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl,
cyano, azido, heterocyclyl, aralkyl, or an aromatic or het-
eroaromatic moiety. It will be understood by those skilled in
the art that the moieties substituted on the hydrocarbon chain
can themselves be substituted, if appropriate. Cycloalkyls can
be further substituted, e.g., with the substituents described
above. An “aralkyl” moiety is an alkyl substituted with an
aryl, e.g., having 1 to 3 separate or fused rings and from 6 to
about 18 carbon ring atoms, e.g., phenylmethyl (benzyl). As
used herein, the term “monofunctional” refers to a malonic
acid ester or a methylene malonate having only one core
formula.

As used herein, the term “zeolite” refers to a molecular
sieve containing an alumino silicate lattice, usually in asso-
ciation with some aluminum, boron, gallium, iron, and/or
titanium, for example. In the following discussion and
throughout this disclosure, the terms molecular sieve and
zeolite will be used more or less interchangeably. One skilled
in the art will recognize that the teachings relating to zeolites
are also applicable to the more general class of materials
called molecular sieves.

As used herein, the term “reaction product” refers to the
materials which result after reacting the reagents of one step
of the method of the invention.

As used herein, the term “reaction vessel” refers to any
container in which the reactants, solvents, catalysts or other
materials may be combined for reaction. Such reaction ves-
sels can be made of any material known to one of skill in the
art such as metal, ceramic or glass.
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As used herein, the term “recovering” or “obtaining” or
“isolating” as in “isolating the methylene malonate mono-
mer,” refers to the removal of the monomer from the reaction
mixture, vapor phase, or condensed vapor phase by one of the
methods described herein so it is in a substantially pure form.

As used herein, the term “short heat residence time appa-
ratus,” refers to an apparatus capable of introducing heat to a
material sufficient to evaporate volatile materials without
subjecting the material to long residence time at the elevated
temperature. Exemplary low heat residence apparatuses
include wiped-film evaporators, rotary evaporators, horizon-
tal or vertical thin-film evaporators, and the like.

As used herein, the terms “volatile” and “non-volatile”
refers to a compound which is capable of evaporating readily
at normal temperatures and pressures, in the case of volatile;
or which is not capable of evaporating readily at normal
temperatures and pressures, in the case of non-volatile. The
terms “volatile” and “non-volatile” may also reference rela-
tive volatility between materials, as in a first material may be
more volatile (i.e., evaporate more readily) than a second
material at a given temperature and pressure.

As used herein, the term “maintained,” as in “the tempera-
ture of the catalyst is maintained” refers to a condition which
is substantially the same during the entirety of the reaction
process. One of skill in the art will understand that any num-
ber of means may be used to maintain a particular condition,
for example, heating or cooling for temperature. In general, a
property is considered maintained if it remains within 10%,
above or below, of the particular condition.

As used herein the term “batch process,” refers to a process
in which reactant(s) are added to a reaction vessel and one or
more of the reactants or product accumulates therein.

As used herein, the term “continuous process,” refers to a
process in which the reactant(s) are fed to the reaction vessel
in a continuous manner without accumulation of reactant(s)
or products formed in the reaction. In certain continuous
processes, there is a constant feed in as well as a constant feed
out. The product may be collected in a product collection
vessel or apparatus.

As used herein the term “substantially free” as in “substan-
tially free of methanol or water” refers to a reagent or reaction
mixture which comprises less than 1% by weight of the par-
ticular component as compared to the total reaction mixture.
In certain embodiments, “substantially free” refers to less
than 0.7%, less than 0.5%, less than 0.4% less than 0.3%, less
than 0.2% or less than 0.1% by weight of the particular
component as compared to the total reaction mixture. In
certain other embodiments, “substantially free” refers to less
than 1.0%, less than 0.7%, less than 0.5%, less than 0.4%m
less than 0.3%, less than 0.2% or less than 0.1% by volume of
the particular component as compared to the total reaction
mixture.

As used herein, the term “stabilized,” e.g., in the context of
“stabilized” methylene malonates or compositions compris-
ing same, refers to the tendency of the methylene malonates
(or their compositions) of the invention to substantially not
polymerize with time, to substantially not harden, form a gel,
thicken, or otherwise increase in viscosity with time, and/or to
substantially show minimal loss in cure speed (i.e., cure speed
is maintained) with time.

As used herein, the term “themolysis” refers to the disso-
ciation of a chemical compound by heat. As used herein, the
term “crack,” or “cracking” refers to a themolysis process. In
certain exemplary embodiments, the term “cracking reac-
tion” refers to the thermolysis of a diakyl bis(hydroxymethyl)
malonate to a monomer species with the release of formalde-
hyde and water.
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As used herein, the term “plant” refers to a series of appa-
ratus which are used to perform the methods of the invention.
A “plant” can refer to any size of apparatus, including small-
scale benchtop apparatus and large-scale commercial appa-
ratus. As used herein, a “plant” may include apparatus housed
in multiple locations or the same location.

Asused herein, the term “modular unit” refers to a series of
apparatus which are used to perform a particular step of the
methods of the invention. In certain embodiments, but with-
out being limited thereto, the “modular unit” may be housed
in a cabinet, trailer, or other container which may be trans-
ported within a particular plant. In other embodiments, the
“modular unit” may be fixed within a plant.

Asused herein, all percentages (%) refer to weight percent
(wt. %) unless otherwise noted.

Any numerical ranges include range endpoints and any
sub-ranges contained within the given range.

EXEMPLARY EMBODIMENTS

1. Intermediate Production: Dialkyl bis(hydroxymethyl)
Malonate (“Diol”)

A robust scalable process giving consistent repeatable
well-performing product quality is desired. It has been dis-
covered that limiting and/or identifying impurities added and
formed during diol manufacture reduces side reactions in the
diol conversion to the desired monomer species. Exemplary
embodiments of monomer production are provided. In addi-
tion, certain enhancements to the processes are discussed as
well. The enhancements may provide improvements in oper-
ability, control, yield, rate, robustness, costs, wastes, quality,
and ease of scale-up.

In an exemplary embodiment, diol is produced by reacting
dialkyl malonate ester and a source of formaldehyde in the
presence of a reaction catalyst under suitable reaction condi-
tions. The diol is thereafter collected and treated to prepare for
thermolysis for conversion to the desired monomer species.
The dialkyl malonate ester may comprise similar or dissimi-
lar alkyl groups. The reactants are provided in about a 2:1
molar ratio of formaldehyde to dialkyl malonate ester. During
the reaction two (—CH,—OH) groups are added at the active
carbon to produce dialkyl bis(hydroxymethyl) malonate (i.e.
“diol”).

Suitable reaction catalysts include bases such as calcium
hydroxide, calcium carbonate, sodium hydroxide, sodium
bicarbonate, amines and polymer supported versions thereof,
trialkyl amines, trimethyl amines, triethyl amines, supported
bases such as ion exchange resins.

Example 1
Diol Production in Continuous Reactor

Diolis produced in a continuous flow reactor. The reactants
include a source of formaldehyde, in this instance, a commer-
cially available formalin (37 wt %, stabilized with 7 wt %
methanol) and diethyl malonate (DEM). The reaction catalyst
is calcium hydroxide. The reaction catalyst (0.17 mol %
based on the amount of DEM to be reacted) is dissolved into
the formalin (target is 2 moles formaldehyde per mole of
DEM) and mixed for approximately 1 hour, or a sufficient
time for desired result. The formalin/catalyst mixture was fed
into a long static mixer tube. The DEM was injected into a
plurality of locations in the static mixer tube. It has been
discovered that improved conversion to diol is possible
through staged addition of the DEM, in part because the
temperature rise due to the exothermic reaction may be more

15

20

25

40

45

50

55

10

readily controlled. Additionally, the static mixer tube may be
maintained in a water bath or other medium to control reac-
tion temperature, as those having skill in the art will readily
ascertain. In an exemplary embodiment, the diol production
reaction temperature is maintained at about 30C-40C. After
sufficient reaction time, the reaction may be quenched to
prevent or minimize formation of undesired side products. In
an exemplary embodiment, because the diol production reac-
tion is catalyzed by a base, a pH lowering agent may option-
ally be introduced to quench the reaction. In other exemplary
embodiments, the reaction kinetics are such that a quenching
agent may not be required. In certain exemplary embodi-
ments, the reaction product may include 60-65 wt % diol and
about 27 wt % water. Improved diol yields are anticipated
through engineering the reaction vessel, close control of reac-
tion temperature, reducing or eliminating the amount of water
and/or methanol in the formalin, optimizing catalyst loading,
and other reaction optimization methods known to those hav-
ing skill in the art. During the formation of the diol, it is
desired to minimize the formation of unwanted species as
they may have adverse effects on diol conversion to mono-
mer.

FIG. 7 provides a schematic of a continuous diol produc-
tion reactor 100. The reactor 100 includes a shell 104 having
aplurality of static mixers 106 distributed along its length. In
an exemplary embodiment, the shell 104 may be adapted for
cooling to control heat generated by the exothermic reaction.
The formalin/catalyst stream 110 is introduced to the reactor
100. The dialkyl malonate ester may be introduced at a plu-
rality of inlets 112, 114. In the continuous reactor, the desired
reaction product, dialkyl bis(thydroxymethyl) malonate, is
removed at outlet 116. In an exemplary embodiment, a pH
lowering agent, is optionally introduced at inlet 118 to quench
the reaction. Those having skill in the art will appreciate that
the reactor 100 illustrated here merely illustrates one design
and variations or other designs may be successfully utilized to
accomplish the purposes of the invention.

Example 2
Diol Production in Batch Reactor

The diol production reaction may be conducted in a batch
reactor. In an exemplary embodiment, the reaction catalyst
(e.g., calcium hydroxide) was added to a premixed solution of
formalin and DEM at 22 C. In another exemplary embodi-
ment, the initial reaction temperature was about 10 C. The
reaction progresses rapidly and accompanied by a spike in
temperature, to about 60-85C. The reaction product mixture
may be allowed to cool naturally, or may be aided through ice
baths, cooling coils, etc. After cooling to around 30C, a pH
lowering agent (e.g., HCI, H,PO,, H,SO,) was added to the
reaction mixture to quench the reaction. The pH was lowered
to about 4.5. The reaction product mixture was filtered to
remove solids and dried in preparation for thermolysis.

Example 3
Metered Reaction

DEM was metered into a premixed solution of formalin
and calcium hydroxide. DEM was added and the temperature
and pH of the reaction mixture was monitored. When the
reaction pH dropped to about 6.5, additional catalyst was
added. Using this exemplary procedure, the maximum reac-
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tion temperature ranged from about 35 C to about 44 C. The
reaction product mixture was filtered in preparation for ther-
molysis.

Example 4
Heterogeneous Catalyst Reactor

SIR-300 ion-exchange resin in the Na+ form was used in a
section of a continuous reactor to produce diol from formalin
and DEM. The reactor section included one formalin inletand
one DEM inlet. The formalin and DEM were passed through
the weak base resin bed. The material collected at the outlet
was passed through the catalyst bed for a total of three passes.
The final reaction product comprised from about 23 wt % to
about 36 wt % diol.

Example 5
Batch Process; Slow Addition of DEM

A 5 L round bottom flask was charged with 37% aqueous
formaldehyde (1620 g, 20 mol) and sodium carbonate (45 g,
0.42 mol). With ice water cooling diethyl malonate (1600 g,
10 mol) was slowly added, maintaining temperature between
15-20° C. Following the reaction, the pH of the reaction
product mixture was adjusted to between 6 and 7 with 10%
HCI. Thereafter, vacuum (100 mm Hg) was applied and the
reaction product mixture was warmed to about 45-50° C. to
drive off methanol. The reaction product mixture was then
cooled to between 20-25° C. NaCl (250 g) was added to the
reaction product mixture and stirred for 30 min. The reaction
product mixture was then allowed to settle for approximately
1 hour to permit phase separation. The lower aqueous layer
was then removed. The organic layer, including the reaction
product was dried with anhydrous Na,SO, (100 g). The prod-
uct was filtered and then analyzed by NMR and GCMS. The
desired reaction product is diethyl bis(hydroxymethyl) mal-
onate. In an exemplary embodiment, the yield is 1960 g
(89-90%). Purity is 99%. See FIG. 1.

II. Diol Preparation for Thermolysis

In certain exemplary embodiments, following diol produc-
tion reaction, the reaction product, comprising the desired
diethyl bis(hydroxymethyl) malonate, is subjected to further
process steps in preparation for thermolysis. As discussed in
certain of the examples provided above, the diol produced by
certain routes may benefit from a filtration step. Certain
exemplary routes to produce diol may benefit from aqueous
wash ups and subsequent drying.

In other exemplary embodiments, the crude diol product is
optionally subjected to a cation-exchange process. Excess
water (and methanol from commercial formalin) is then
optionally removed in a subsequent polishing (drying) step.

Example 6
Cation Exchange

In an exemplary embodiment, the reaction product, com-
prising the diethyl bis(hydroxymethyl) malonate is subjected
to an ion-exchange process to exchange cations carried in the
reaction product from the reaction catalyst for another cation,
particularly H+. Currently, the diol reaction product is fed, as
is, from the diol reactor. The ion-exchange column is charged
with Resin Tech SIR-300 resin, a macroporous weak acid
cation exchange resin based on the iminodiacetate acid func-
tional group, with sodium as the default ion form. Prior to use
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with the reaction product diol, the resin is acid washed (using
2N HCI) to exchange (Na+) on the resin with (H*). The diol
reaction product is then fed through the ion-exchange column
to exchange (Ca*?) present in the reaction product from the
reaction catalyst. The level of decalcification may be moni-
tored by measuring the pH and the conductivity of the effluent
from the column. In an exemplary embodiment, a successful
ion-exchange results in a pH of about 2.5 to 3 and a conduc-
tivity of about 10-15 pS.

Those having skill in the art will appreciate that input flow
rates, pressures, column height, exchange resins and the like
may be modified in order to achieve a desired polished prod-
uct, provided at acceptable flow rates for scaled activity.

Example 7
Diol Drying (Water Evaporation)

In an exemplary embodiment, diol produced through cer-
tain of the examples discussed above may include excess
water and residual methanol (present from the commercially
stabilized formalin). In exemplary embodiments, a certain
water level is desirable as it improves diol handling by pre-
venting the diol from freezing (solidifying) in subsequent
reaction steps. However, excess water may cause detrimental
side reactions in subsequent processes and will also require
removal downstream. Thus, those having skill in the art will
appreciate that acceptable water levels in the diol product will
balance ease of handling with the difficulty of removal and
any deleterious effects it may cause. In an exemplary embodi-
ment, the “dried” diol may comprise up to about 25 wt %,
between 1-10 wt %, or between 4 wt %-7 wt % water as
compared to the initial feed water level of about 27 wt % and
methanol level of about 1.3 wt % (“wet” diol). In other exem-
plary embodiments the dry diol may include a lower water
lever (e.g., about 3.0 wt %, about 2.5 wt %, about 1 wt %).

In an exemplary embodiment, the “wet” diol is introduced
into a wiped-film evaporator (WFE) at a predetermined feed
rate (e.g., 3 kg/hr). In an exemplary embodiment the WFE is
jacketed with a hot oil bath maintained at about 150 C, under
about 5 mm Hg vacuum. In an exemplary embodiment, the
“dried” diol exiting the WFE contains about 3-5 wt % water,
and is substantially free of methanol, as defined herein, or
contains very little methanol (less than about 1.3 wt %). If
desired, lower water levels are attainable.

Inan exemplary embodiment, the WFE is utilized to evapo-
rate the excess water and methanol to provide short heat
residence time and thereby minimize the creation of
unwanted side products and/or impurities.

Those having skill in the relevant art will understand that
other apparatuses, for example rotary evaporators, horizontal
or vertical thin-film evaporators and the like, may be utilized
to dry the diol product. It is believed that desired results may
be obtained when the heat residence time is minimized. Those
having skill in the art will appreciate that other separation
apparatuses and methods may be utilized to achieve the
desired diol composition.

Example 8
Non-commercial Formalin

In certain exemplary embodiments, the source of formal-
dehyde for the diol production reaction includes freshly pre-
pared formalin (made from paraform and water) without the
methanol stabilizer present in the commercial formalin. The
“wet diol” includes about 27% water, but is substantially free
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of methanol. Other freshly-prepared formalin examples var-
ied water and methanol content. Diol products formed by
reacting these non-commercial formalin cases were dried, as
set forth in the examples above, and subject to subsequent
thermolysis operations.

Those having skill in the art will appreciate that the diol
production, the optional cation-exchange process and the
optional drying process may occur in discrete stages with diol
product being collected and stored for further processing. In
other exemplary embodiments, one or more of the diol pro-
duction stages are in flow communication such that the output
from one stage may be immediately fed to the input of a
subsequent stage. In addition, the diol product from any of the
diol production stages may be in flow communication with
the diol thermolysis reactor, as will be described in greater
detail below.

II. Diol Thermolysis

It was observed that during a Knoevenagel reaction using
paraform and DEM (as described in the above-mentioned
patent applications WO 2012/054616 Synthesis of Methyl-
ene Malonates Substantially Free of Impurities, and WO
2012/054633 Synthesis of Methylene Malonates Using
Rapid Recovery in the Presence of a Heat Transfer Agent), a
significant amount of material was noted in the GC trace at 8.4
minutes. It was postulated that the peak was due to the pres-
ence of diethyl bis(hydroxymethyl) malonate in the reaction
product (oligomeric species). In order to confirm the specu-
lation, a sample of commercially available diethyl bis(hy-
droxymethyl) malonate was dissolved in ethyl acetate and a
GC/MS was obtained. The GC trace of the commercial prod-
uct indicated that a small amount of diethyl methylene mal-
onate (DEMM) was formed in the GC itself. See FIGS. 4 and
5. Thereafter, a laboratory attempt was made to crack a small
sample (15 g) of the commercial diethyl bis(hydroxymethyl)
malonate at 230° C. under vacuum (100 mm Hg). The mate-
rial to be subjected to thermolysis is a solid and melts at
49-51° C. A heat gun was used to melt the sample and to
ensure that it stayed in the liquid state during the crack.
Heating tape or a jacketed addition funnel can also be used.
The reaction product yielded 10.6 g of cracked material, of
which 33 wt % was determined to be DEMM. Thus, this
experiment confirmed that DEMM could be obtained through
thermolysis of the bis(hydroxymethyl) malonate. See FIG. 6.
This experiment was conducted as a batch process. Efforts
were then undertaken to produce a scalable, continuous pro-
cess for diol thermolysis.

Example 9
Lab Scale Tube Reactor for Thermolysis Operation

In an exemplary embodiment, a continuous thermolysis
operation includes a tube reactor having a packed catalyst in
the form of a 12x1%% inch column. The exemplary catalyst is
a zeolite commercially available as ZSM-5. The column tem-
perature is maintained at a temperature from about 180C-
200C. A hot y-adapter at the end ofthe column provides a first
separation of the reaction products. The less volatile material
falls out (e.g., unreacted diol, heavies) and the more volatile
species (e.g., DEMM, DEM, other lights) are carried to a hot
condenser for further separation of reaction products. The hot
condenser serves to separate more volatile species from the
desired monomer species. The product stream also carries
compounds having similar boing points and other impurities.
This product stream is then subjected to further purification
measures, such as fractional distillation. Those having skill in
the art will appreciate that in a continuous process, various

10

15

20

25

30

35

40

45

50

55

60

65

14

reactor designs may be utilized to collect the desired product
stream. In this exemplary embodiment, the crude product
may be collected and stored for further downstream process-
ing. In other exemplary embodiments, the thermolysis opera-
tion may be in continuous flow communication with a mono-
mer purification process.

In this exemplary embodiment, the diol is preferably pre-
heated to about 50-100C, preferably about 70-85C. It is ben-
eficial if feed lines are also heated and or insulated to prevent
the diol from freezing. In this exemplary embodiment, the
thermolysis operation is completed at atmospheric pressure.
In this exemplary embodiment, certain polymerization
inhibitors may be present during the thermolysis operation to
prevent the premature polymerization of the monomer. For
example, liquid phase stabilizers (e.g., MSA), vapor phase
stabilizers (e.g., TFA), and free-radical stabilizers (e.g.,
MeHQ) may be used. The patent applications referenced
above, and incorporated herein by reference, more fully
explain the selection and function of such inhibitors. In cer-
tain exemplary embodiments, the inhibitors may be intro-
duced to the thermolysis reactor with the diol. In an exem-
plary embodiment, an inhibitor package is added to the diol
immediately prior to the thermolysis operation. In other
exemplary embodiments, an inhibitor package may be added
to the crude product collected in the product stream. FIG. 8
illustrates a thermolysis reactor and purification system 200
with the feed and output from the system. Shown are diol feed
lines 210 to the thermolysis reactor 204. 206 shows the hot oil
outlet line. 212 shows the product collection vessel. 216
shows the heavies output line. 218 shows the output for vola-
tile species. 214 shows output of compounds having similar
boiling points and other impurities 214. In certain other
exemplary embodiments, an inhibitor package may be added
to the crude product prior to any further purification opera-
tions.

Example 10

Pilot Plant Scale Tube Reactor for Thermolysis
Operation

In an exemplary embodiment, the thermolysis operation
was performed in a continuous process using a scaled version
of'the lab reactor of Example 9. In an exemplary embodiment
the catalyst column was contained in a reactor tube having a
nominal 1.5-inch actual diameter and a height of about 30
inches, holding approximately 400 g of the ZSM-5 zeolite.
The reactor is heated using circulating hot oil set to a heating
temperature between 200-230 C. The diol heater is set to
about 80-90C, and the diol feed lines are warmed to approxi-
mately 50-60C.

In an exemplary embodiment, the walls of the tube reactor
are heated and maintained at approximately 180-250 C. Suit-
able heat transfer is required to ensure that a desired reaction
temperature is maintained in the catalyst column. In an exem-
plary embodiment, the thermolysis takes place under atmo-
spheric pressure. In other exemplary embodiments, the ther-
molysis may take place under vacuum conditions or
pressurized conditions.

As in the lab scale reactor, the product from the thermolysis
reactor is divided into streams using various apparatuses such
as knock-down condensers, hot condensers, condensers, and
the like. In an exemplary embodiment, the product stream
comprising crude monomer species and other close boilers or
impurities is collected for further downstream treatment. The
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downstream treatment may include various distillation or
other separation techniques and stages to achieve the desired
isolated monomer species.

In an exemplary embodiment, the crude monomer product
stream may be in flow communication with the downstream
purification operation.

The catalyst column diameter may be “2in., 1 in., 3 in., 4
in., or any size able to provide the desired reaction tempera-
ture. In certain exemplary embodiments, the thermolysis
reactor may comprise multiple catalyst columns. In certain
exemplary embodiments, the multiple columns may be fed
with a single diol feed line. In other exemplary embodiments,
the multiple columns may be fed with a plurality of diol feed
lines. Those having skill in the art will ascertain that various
reactor designs are possible in order to achieve the desired
outcome.

It is believed that efficient diol thermolysis takes place
when the reaction temperature is between about 180C and
220C. In the theoretical reaction, the diol will disassociate or
“crack,” releasing a mole of formaldehyde and a mole of
water for each mole of monomer formed. Optimal reaction
conditions are desired such that unwanted side products are
reduced, and monomer yield is maximized. Reaction condi-
tions include temperature, catalyst loading, catalyst shape
(e.g., cylinders, beads), inlet diol temperature, feed rate, reac-
tion pressure, and temperature of various apparatuses in the
reaction set up (e.g., condensers, collection flasks) as those
having skill in the art will readily appreciate.

Example 11
Batch Process, Dropwise Addition of Reactant

Assemble a short path distillation apparatus equipped with
250 mL round bottom flask, addition funnel, mechanical stir-
rer, condenser, receiving flask and vacuum. Charge 250 mL
round bottom flask with copper zeolite (2 g). Heat contents to
200° C. with oil bath. Apply vacuum (100 mm Hg). Slowly
add intermediary diethyl bis(hydroxymethyl) malonate (30
g., 0.136 mol) drop-wise onto the copper zeolite. After
completion of'this addition, cool apparatus to 25° C. and back
fill apparatus with N,. Dry distillate over anhydrous Na,SO,
(1 g). The desired reaction product is diethyl methylene mal-
onate (DEMM). In an exemplary embodiment, the yield is
20.5 g (88%). See FIG. 2.

Example 12
Batch Process, One-pot Method

Assemble a short path distillation apparatus equipped with
250 mL round bottom flask, mechanical stirrer, condenser,
receiving flask and vacuum. Charge 250 mL round bottom
flask with copper zeolite (2 g) and diethyl bis(hydroxylm-
ethyl) malonate (30 g, 0.136 mol). Apply vacuum (100 mm
Hg). Heat contents to 200° C. with an oil bath. An oil bath was
pre-heated to 200° C. prior to lowering the reaction flask into
the oil bath. After completion of thermolysis, cool apparatus
to 25° C. and back fill apparatus with N,. Dry distillate over
anhydrous Na,SO, (1 g). The desired reaction product is
DEMM. In an exemplary embodiment, the yield is 19 g
(81%). See FIG. 3.

Example 13
Thermolysis of Commercial Diol

In an exemplary embodiment, commercially available
diethyl bis(hydroxymethyl) malonate was utilized rather than
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synthesizing diol in the lab from DEM. The diethyl bis(hy-
droxymethyl) malonate was subjected to certain thermolysis
processes disclosed herein, and the reaction product was puri-
fied to yield the desired monomer species. In other exemplary
embodiments, commercially available diols of other dialkyl
malonates were subjected to thermolysis in accordance with
certain of the processes disclosed herein to obtain a desired
monomer species. In other exemplary embodiments, diols of
other dialkyl malonates were first synthesized, then subjected
to certain of the thermolysis processes disclosed herein, to
obtain a desired monomer species.

Example 14
Catalyst Slurry

In yet another exemplary embodiment, a suitable catalyst
may be carried in a diol slurry and contacted with a hot surface
or otherwise exposed to sufficient heat to effect the diol ther-
molysis reaction.

III. Product Clean-up

The reaction product from the thermolysis operation may
be purified by various methods. In an exemplary embodi-
ment, a variety of separation techniques are employed. For
example, a series of condensation and/or distillation steps
may be utilized to separate the desired monomer species from
impurities and side reaction products. In exemplary embodi-
ments, hot condensers, condensers, vacuum distillation appa-
ratuses, simple distillation apparatuses and/or fractional dis-
tillation apparatuses may be utilized. In some exemplary
embodiments, the separation techniques may be employed at
atmospheric pressure, under vacuum, or under elevated pres-
sure in accordance with sound engineering principles. Like-
wise, the separation techniques may be employed at ambient
temperature, at reduced temperatures or at elevated tempera-
tures, in accordance with sound engineering principles.

IV. Plant Design: Modular Units

Exemplary embodiments of the invention include a plant
for producing a methylene malonate monomer. The plant may
be designed with modular units wherein one or more modular
units are diol production units, diol purification units, mono-
mer production units, monomer purification units, or a com-
binations thereof. Each unit may be self-contained for the
desired processes associated therewith. Alternately, one or
more of the modular units may be in flow communication
such that the outlet from one process is fed to the inlet of
another process in a continuous manner.

An exemplary plant includes at least one diol production
unit, at least one diol purification unit, and at least one mono-
mer production unit.

Another exemplary plant includes at least one diol produc-
tion unit, at least one diol purification unit, at least one mono-
mer production unit, and at least one monomer purification
unit.

Another exemplary plant includes at least one monomer
production unit, and at least one monomer purification unit.

Another exemplary plant includes at least one diol produc-
tion unit, optionally, at least one diol purification unit, at least
one monomer production unit, and optionally, at least one
monomer purification unit.

The exemplary diol production unit comprises a diol reac-
tor apparatus capable of reacting a dialkyl malonate ester and
a source of formaldehyde in the presence of a reaction cata-
lyst.

The exemplary diol purification unit comprises an ion-
exchange column and a separation apparatus, such as a
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wiped-film evaporator, a rotary evaporator, or a vertical or
horizontal thin-film evaporator.

The exemplary monomer production unit comprises at
least one catalyst column and a heating apparatus for main-
taining the temperature of the at least one catalyst column.

Another exemplary monomer production unit comprises a
plurality of catalyst columns and at least one heating appara-
tus for maintaining the temperature of the plurality of catalyst
columns.

EQUIVALENTS

Those skilled in the art will recognize, or be able to ascer-
tain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encom-
passed by this invention.

What we claim is:

1. A method of making a methylene malonate monomer
comprising:

(a) reacting a dialkyl bis(hydroxymethyl) malonate com-
position in the presence of a catalyst which is a ZSM
aluminosilicate molecular sieve to form a methylene
malonate monomer; and

(b) isolating the methylene malonate monomer.

2. The method of making a methylene malonate monomer
according to claim 1, wherein each alkyl may be the same or
different and is a straight or branched hydrocarbon group
having between 1 and 16 carbon atoms.

3. The method of making a methylene malonate monomer
according to claim 1, wherein the dialkyl bis(hydroxymethyl)
malonate composition is prepared by a method comprising:
(1) reacting a source of formaldehyde with a dialkyl malonate
ester in the presence of a catalyst to form a reaction product
comprising the dialkyl bis(hydroxymethyl) malonate compo-
sition.

4. The method of making a methylene malonate monomer
according to claim 3, wherein the reacting step (i) to prepare
the dialkyl bis(hydroxymethyl) malonate composition occurs
without the addition of a solvent.

5. The method of making a methylene malonate monomer
according to claim 3, wherein the source of formaldehyde is
formaldehyde, trioxane, formalin, or paraformaldehyde.

6. The method of making a methylene malonate monomer
according to claim 3, wherein the reaction product of step (i)
is subjected to a diol purification step (ii) prior to the reaction
step (a): wherein the diol purification step (ii) comprises
subjecting the reaction product of step (i) to an ion-exchange
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process to exchange cations carried in the reaction product for
another cation, to produce the dialkyl bis(hydroxymethyl)
malonate composition, subjecting the dialkyl bisthydroxym-
ethyl) malonate composition to an evaporation step to remove
volatile impurities, or a combination thereof.

7. The method of making a methylene malonate monomer
according to claim 1, further comprising the step of: ¢) puri-
fying a thermolysis product obtained in step (a) to obtain the
isolated methylene malonate monomer.

8. The method of making a methylene malonate monomer
according to claim 1, wherein the catalyst is in the form of a
column through which the dialkyl bis(thydroxymethyl) mal-
onate composition is passed.

9. The method of making a methylene malonate monomer
according to claim 8, wherein the catalyst column is heated to
a wall temperature between about 180° C. and about 250° C.

10. The method of making a methylene malonate monomer
according to claim 8, wherein the dialkyl bis(hydroxymethyl)
malonate composition is passed over the catalyst column at a
rate of 0.01 to 65 kg/hr.

11. The method of making a methylene malonate monomer
according to claim 1, wherein the catalyst of step (i) is a basic
catalyst.

12. The method of making a methylene malonate monomer
according to claim 6, wherein the diol purification step (ii)
comprises subjecting the reaction product of step (i) to an
ion-exchange process to exchange cations carried in the reac-
tion product for another cation to produce the dialkyl bis
(hydroxymethyl) malonate composition, and subjecting the
dialkyl bis(hydroxymethyl) malonate composition to an
evaporation step to remove volatile impurities.

13. The method of making a methylene malonate monomer
according to claim 6, wherein the the ion exchange process
uses an ion-exchange column packed with an ion-exchange
resin.

14. The method of making a methylene malonate monomer
according to claim 13, wherein the ion exchange column is a
pressurized ion-exchange column.

15. The method of making a methylene malonate monomer
according to claim 1 wherein the dialkyl bis(hydroxymethyl)
malonate composition has less than 500 ppm cations.

16. The method of making a methylene malonate monomer
according to claim 1 wherein the dialkyl bis(hydroxymethyl)
malonate composition contains between 0 and 30% water.

17. The method of making a methylene malonate monomer
according to claim 1, wherein the catalyst is a ZSM-5 alumi-
nosilicate molecular sieve.
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